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BOREAS TGB-5 COy, CH4, and CO Chamber Flux Data over the NSA
Roger Burke, Richard G. Zepp

Summary

The BOREAS TGB-5 team collected a variety of trace gas concentration and flux measurements at
several NSA sites. This data set contains carbon dioxide (CO,), methane (CH4), and carbon monoxide
(CO) chamber flux measurements conducted in 1994 at upland forest sites that experienced
stand-replacement fires. These measurements were acquired to understand the impact of fires on soil
biogeochemistry and related changes in trace gas exchange in boreal forest soils. Relevant ancillary
data, including data concerning the soil temperature, solar irradiance, and information from nearby
unburned control sites, are included to provide abasis for modeling the regiona impacts of fire and
climate changes on trace gas biogeochemistry. The data are provided in tabular ASCI| files.
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1. Data Set Overview

1.1 Data Set Identification
BOREAS TGB-05 CO,, CH4, and CO Chamber Flux Data over the NSA

1.2 Data Set Introduction

These measurements are required to understand the impact of fires on soil biogeochemistry and
related changes in trace gas exchange in boreal forest soils. Relevant ancillary data, including data
concerning the soil temperature and solar irradiance, are included to provide a basis for modeling the
regional impacts of fire and climate changes on trace gas biogeochemistry.
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1.3 Objective/Purpose

The objective of this study is to examine the effects of fire on soil-atmosphere fluxes of trace
carbon gases (carbon dioxide [CO,], methane [CH,4] and carbon monoxide [CQ]) in upland black
spruce and jack pine ecosystems located within the BOReal Ecosystem-Atmosphere Study (BOREAS)
Northern Study Area (NSA) near Thompson, Manitoba.

1.4 Summary of Parameters
This data set contains measurements of ambient CO,, CH4, and CO)concentrations, CO,, CHg,
and CO fluxes, ambient and soil temperatures; and solar irradiance.

1.5 Discussion

The soil-atmosphere exchange of CO» is an important component of the carbon budget of the
boreal forest biome. Soil-atmosphere exchange of CH4 and CO in the boreal biome has mgjor effects
on the atmospheric content of these radiatively and chemically important trace gases. Closed chamber
techniques with gas chromatography were used to determine the soil surface flux of CO,, CHy4, and
CO at five BOREAS auxiliary sitesin the NSA that were exposed to intense stand-replacement fires
during the 7-year period prior to 1994. Flux data were also obtained at nearby control sites. Relevant
ancillary data were s multaneously obtained at the sites. The experiments were conducted from the
beginning of June through the end of August 1995.

The results from this study indicate that upland soilsin burned boreal forests are generally net
sources of both CO, and CO, but net sinks of atmospheric CH,. Soil temperatures in these burned
sites were generally higher than those observed in nearby unburned controls. Soil respiration includes
both root respiration and decomposition of soil organic matter (SOM). Despite the loss of root
respiration in the burn sites, soil respiration was nearly the same in the burn sites as in unburned
controls. Thisindicates that enhancement of SOM decomposition by the warming of the soil offset the
reduction in root respiration. In sites exposed to the most intense fires, however, where surface
organic matter was considerably reduced and converted to charcoal by fire, soil respiration was
significantly reduced compared to other sites that were investigated. CH,4 sinks were generally greater
in the well-drained jack pine stands than in black spruce stands. CO fluxes are affected by thermal and
photochemical production at the soil surface and by microbial consumption deeper in the soil. Thus,
CO fluxesin the open burn sites were positive during daylight, whereas the fluxes were negative in the
unburned forest soils.

1.6 Related Data Sets

BOREAS TGB-01 Soil CH4 and CO2 Profile Dataover NSA Tower Sites
BOREAS TGB-01 CH4 and CO2 Chamber Flux Datafrom NSA Tower Sites
BOREAS TGB-01 CH4 Concentration and Flux Data from NSA Tower Sites
BOREAS TGB-01 SF6 Chamber Flux Data over NSA Jack Pine Sites
BOREAS TGB-03 CO2 and CH4 Chamber Flux Data over the NSA

2. Investigator (s)

2.1 Investigator (s) Name and Title

Dr. Richard G. Zepp and Dr. Roger A. Burke
U.S. Environmenta Protection Agency (EPA)
Athens, GA

2.2 Title of Investigation
Trace Gas Exchangein the Boreal Forest Biome: Effects of Fire and Beaver Activity
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2.3 Contact Information

Contact 1:

Dr. Richard G. Zepp

U.S. EPA

960 College Station Road
Athens, GA 30605

(706) 355-8117
zepp.richard@epamail .epa.gov

Contact 2:
Jeffrey A. Newcomer
Raytheon ITSS
Code 923
NASA GSFC
Greenbelt, MD 20771
301) 286-7858
5301; 286-0239 (fax)
Jeffrey.Newcomer @gsfc.nasa.gov

3. Theory of Measurements

The CO,, CHy, and CO fluxes at the surface of the soil are important components of the carbon budget
of the boreal forest. Stand-replacement fires may affect the soil-surface fluxes of these gases. Fire
removes the canopy and part of the moss, lichen, and shrub cover, thus altering soil temperature,
moisture, and nutrient composition. Models of trace gas biogeochemistry in the boreal forest, such as
CENTURY, require field measurements of these fluxesin order to calibrate the models and test their

predicted fluxes. In order to understand and quantify the carbon gas exchange in these Systems, itis
necessary to measure their exchange under avariety of conditionsin unburned plots and burned plots
of various postburn ages.

In particular, CO exchange from the forest ecosystem floor is a poorly understood process that may
exhibit a significant effect on the ambient CO levels. The forest floor may act as both a source and sink
for CO. Sink activity is believed to be the result of consumption of CO by microbia activity, while
production is primarily the result of thermal and photochemical decomposition of living and dead
organic matter. The net exchange from the forest floor will therefore be determined by the relative
source and sink strengths of these processes. Some parameters that are believed to be important in CO
exchange are temperature, moisture content, soil nutrient levels, SOM content, and light intensity.

4. Equipment

4.1 Sensor/Instrument Description

» CHj and CO, were measured using a Karl Gas Chromatograph (GC) equipped with
flame-ionization detector (FID) (for CH,4) and thermal conductivity detector (TCD) (for COs).
CO was measured using a Trace Analytical (Menlo Park, CA) RGA-3 GC. Thisinstrument
isolates CO, and reacts with HgO, producing Hg vapor. The Hg vapor is detected by atomic
absorbance. Samples are injected through an injection loop (0.5 or 1 mL).

e Aluminum chamber bases (0.215-m inner diameter [i.d.]) were used for isolating a section of
the forest floor. The chambers were anchored with three or four spikesthat were 0.20 min
length. The chambers were also equipped with acylindrical skirt to prevent lateral diffusion of
gases. Three skirt sizes were used depending on the ecosystem type: 5 cm, 10 cm, and 20 cm.
The opening of the base had a trough filled with water to provide support and seal the
chamber top.
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*  Light measurements were made with an International Light IL1700 radiometer using probes
for various light regions (SED 623 for visible, SED 240 for ultraviolet [UV]-A, and SED 033
for UV-B).

*  Soil temperature was measured with a portable temperature probe (Cole-Palmer thermistor
thermometer L-08110-20).

*  Soil water content was measured using a 1502B Time Domain Reflectometer (TDR) [Topp et
al., 1980].

4.1.1 Collection Environment

M easurements were made at open sites that had experienced stand-replacement fires within the
prior 7 years or at nearby shaded control forest sites that had not burned for at least 70 years. The soil
temperatures and solar irradiance were typically much higher at the burned sites than at the control
sites. Data were collected under avariety of ambient temperatures ranging from near 0 °C to near 28
°C.

4.1.2 Source/Platform
All measurements were made on the ground.

4.1.3 Sour ce/Platform Mission Objectives
The mission objective was to measure soil surface CO,, CH4, and CO fluxes and relevant ancillary
datain fire scars and nearby controls.

4.1.4 Key Variables
CO,, CHy4, and CO flux; soil temperature; soil moisture content; and light intensity (total, UV-A,
and UV-B).

4.1.5 Principles of Operation
The chamber assays for CO, CO,, and CH4 followed the methods established by Hutchinson and
Livingston [1993]. Analysis of CH4 [Crill, 1991] was conducted with 0.5% precision.

4.1.6 Sensor/Instrument Measurement Geometry
Not applicable.

4.1.7 Manufacturer of Sensor/lInstrument
RGA-3 Chromatograph

Trace Andytica

3517-A Edison Way

Menlo Park, CA 94025

IL-1700 Radiometer
International Light, Inc.
17 Graf Road
Newburyport, MA 01950

Temperature Probe

Cole-Palmer Instrument Company
7425 North Oak Park Avenue
Niles, IL 60714

TDR

Tektronix, Inc.
Beaverton, OR
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4.2 Calibration

4.2.1 Specifications
Instruments were configured and maintained according to manufacturers specifications noted in
the instruction manuals and were calibrated routinely according to standards.

4.2.1.1 Tolerance

The precision of fluxes for the trace gas measurements, computed from three replicates, is expected
to be 15% for CO, and CHg4, and 5-10% for CO. The precision is judged by the standard deviation of
the three measurements.

4.2.2 Frequency of Calibration

Calibration was performed immediately before measuring each day's samples. Correlation
coefficients of 0.99 or better were achieved in al cases. A secondary standard of near atmospheric
CO,, CHy, or CO concentration was injected periodically during analysis to ensure that no
instrumental drift occurred.

4.2.3 Other Calibration Infor mation

CH4 and CO, concentrations were calculated by comparing sample peak areas obtained with a
Shimadzu CR501 dual channel integrator to those resulting from repeated anaysis of two CHy4
standards and two CO, standards. The CH4 standards contained 0.90-ppm and 2.05-ppm CHg, and
the CO, standards contained 356.1-ppm and 397.4-ppm CO,. The standard gases were supplied by
the BOREAS project and calibrated by the Atmospheric Environment Service (AES) of Canada. Based
on 10 to 15 dailly measurements of these standards, the precision of analysis (standard deviation
divided by the mean value expressed in percentage) was 0.7 £ 0.3% for CH4 and 1.7 = 0.4% for
CO,. For CO cdlibration, a standard curve was generated each day by injecting calibrated volumes of a
9.5+ 0.14-ppm CO primary standard (National Institute of Standards and Technology, Gaithersburg,
MD).

5. Data Acquisition Methods

A static chamber technique [such as that described by Whalen and Reeburgh, 1988] was used to
estimate soil/atmosphere CH,4 and CO, exchange. The chamber consists of a permanently deployed
circular dluminum collar, with awater seal and skirt, and an opaque lid. The collars were ~10, 25, or
30 cm deep in areas with significant moss, lichen, or burned vegetation cover, and ~5 cm deep in areas
in which the vegetation had burned to the mineral layer. Thelid is constructed of aluminum and is
equipped with a septum for syringe sampling and asmall hole to equalize pressure. The total enclosed
areais 0.036 m2, and the enclosed volume is about 8.7 liters.

CH4 and CO; flux samples were collected at 5-minute intervals over the course of 20 minutesin
60-mL polypropylene syringes with siliconized polypropylene plungers and nylon three-way
stopcocks. Syringes were stored in the dark at ambient temperature until analysis. Concentration
determinations were made using a Carle AGC GC equipped with a TCD and aFID. Gas samples were
introduced to the GC viaa 10-port gas sampling valve plumbed for the simultaneous filling of two
sample loops and then injection into two columns. Separation of CH4 and CO, was accomplished with
1/8-inch outer diameter (0.d.) stainless steel Hayesep-D (3 m for the FID side and 2 m for the TCD
side) analytical columns.

Soil-atmosphere CO exchange was measured using transparent, static soil chambers. These
chambers consisted of two parts: a semipermanent base installed into the ground and aremovable glass
cover that isolated the atmosphere immediately above the base. The auminum chamber bases consisted
of an open-ended, 0.215-mi.d. cylinder (the skirt). The bottom edge of the skirt was beveled to aid
insertion into the soil. Skirt lengths were either 0.5 or 0.10 m, depending upon the thickness of the
organic layer above the mineral soil. A concentric trough (~30 cmi.d. and 4 cm deep) was welded to
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the top of the chamber. This trough, when filled with water, provided an airtight seal with the top.
Three or four 0.5-cm-0.d. X 10-cm-long aluminum spikes were attached symmetrically around the
circumference of the skirt to provide a secure installation. The glass chamber tops were Kimax
(Kimble, Vineland, NJ) borosilicate jars (25 cm deep, ~24 cmi.d., volume ~12 liters). These jars
were transparent to visible (400-700 nm) and UV-A (315-400 nm) light, but filtered out a part of
UV-B (280-315 nm) radiation. Two 1/4-inch holes were drilled in the side of each glass jar with a
90-degree radia displacement and ~15 cm vertical displacement between each hole. These holes were
used as sampling and vent ports. The holes were plugged with small corks, and needles were inserted
through the corks. The vent consisted of a 1-inch-long, 22-gauge needle, and the sampling port
consisted of a 4- to 6-inch-long, 18-gauge needle. Both needles were |eft open to the atmosphere
during sampling, thereby preventing pressure differentials during experiments.

Soil-atmosphere CO exchange was measured in the following manner. First, the trough of the
chamber base was filled with enough water to ensure an airtight seal with the chamber top. Then, the
top was quickly but gently placed in the trough and a gas sample of ~20 mL was removed from the
chamber. Additional sampleswere collected (usualy at 7-minuteintervals) for atotal of at least four
samples. For each sample, the syringe was connected to the sampling needle and pumped three times
to ensure awell-mixed chamber. Approximately 20 mL of sample was collected, and the syringe
stopcock was closed. The back of the syringe barrel was sealed with a minimum amount of distilled
water and stored in a plastic ziplock bag on ice until analysis. The all-glass syringes (Popper & Sons,
New Hyde Park, NY) were fitted with gas-tight Teflon stopcocks (Alltech Associates, Deerfield, IL)
and encased in black heat-shrink tubing to keep their contents dark. Sampling was conducted between
the hours of 1000 and 1500 local time with the exception of two diurnal studies.

Air and soil temperatures (at adepth of 10 cm for CO, and CHy; 1.0 cm for CO) were measured
with athermocouple probe. Volumetric soil moisture content was measured with a TDR as described
by Topp et al. [1984]. Total solar irradiance was measured during the CO flux measurements with the
light probe placed close to the environmental chamber.

6. Observations

6.1 Data Notes
None given.

6.2 Field Notes

Date Location Activity

July 19 Arrive Thonmpson

July 20 Lab Set up laboratory

July 21 G llam Road: 94GR CGR CH4, CO2, CO fl uxes

July 22 G| lam Road: 92GR, 87CR CH4, CO2, CO fl uxes

July 23 Leaf Rapids Road: 89JP, CIP CH4, CO2, CO fl uxes

July 24 Leaf Rapids Road: 89FR, CFR CH4, CO2, CO fl uxes

July 25 G |l am Road: 94GR CH4, CO2, CO fluxes; process studies
July 26 G llam Road: 94GR, 87CR CH4, CO2, CO fl uxes

July 27 G llam Road: CGR 92GR CH4, CO2, CO fl uxes

July 28 G llam Road: CGR 92GR CH4, CO2, CO fluxes; process studies
July 29 Tower Beaver Pond CO flux from pond

July 30 O f

July 31 Of

Aug 1 Gl lam Road: 94GR, 92CR CH4, CO2, CO fl uxes

Aug 2 G llam Road: CGR 87GR CH4, CO2, CO fl uxes

Aug 3 Leaf Rapids Rd: 89JP, CJP CH4, CO2, CO fl uxes

Aug 4 G I lam Road: 92GR CH4, CO2, CO fluxes; diurnal

Aug 5 G |l am Road: 92GR CH4, CO2, CO fluxes; diurnal continued
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Aug 6 Gl lam Road: CGR, 87GR CH4, CO2, CO fluxes
Aug 7 G I lam Road: 94GR, 92GR CH4, CO2, CO fluxes
Aug 8 Lab Shut down equi pnent; ship soil sanples
Aug 14 Arrive Thonpson
Aug 15 Lab Set up lab
Aug 16 Gl lam Road: CGR, 94GR CH4, CO2, CO fluxes
94GR #6 dug up by aninmal;. re-install in another |ocation about 10 ft
towar d Thompson
Aug 17 G I lam Road: 92GR, 87GR CH4, CO2, CO fluxes
Aug 18 G Il am Road: CGR CH4, CO2, CO fluxes; diurnal
Aug 19 G Il am Road: CGR CH4, CO2, CO fluxes; diurnal continued
Aug 20 Of
Aug 21 Leaf Rapids Road: 89FR, CFR CH4, CO2, CO fluxes
Aug 22 Leaf Rapi ds Road: 89JP, CIP CH4, CO2, CO fluxes
Four chanber bases nissing from 89 Jack Pine
site - presunmed stol en; renove renaini ng
bases to prevent additional theft and renove
sonme chanbers from CIP site for placenent in
new control site on G || am Road
Aug 23 Gl lam Road: CGR, 92GR CH4, CO2, CO fluxes
Aug 24 Gl lam Road: 87GR, 94GR CH4, CO2, CO fluxes
Aug 25 G I lam Road: NGRC, CGR CH4, CO2, CO fluxes; SF6 at 87GR
87CR Pl ace three chanber bases in New G || am Road
Control (two nedium skirt, one deep skirt)
Aug 26 G I lam Road: CGR, 92GR, Simul. rain event at CGR 92GR, 87GR
87CR, 94GR, NCGR 94GR, CH4, C2, CO fluxes at NCGR
Aug 27 Of
Aug 28 Gl lam Road: CGR, 92GR CH4, CO2, CO fluxes
Aug 29 Gl lam Road: 87GR, 94GR CH4, CO2, CO fluxes
Aug 30 G I lam Road: 92GR, 94GR SF6 diffusion studies
87GR
Aug 31 Lab; Leaf Rapids Road: SF6 anal ysis; SF6 diffusion and CH4/ CO2
89FR, CFR at 89FR and CFR
Sept 1 Gl lam Road: 92GR, 94GR SF6 diffusion studies
Sept 2 Lab Pack and ship equi prment
Sept 2 Leave Thompson

7. Data Description
7.1 Spatial Characteristics

7.1.1 Spatial Coverage

M easurements were performed on upland black spruce (Picea mariana) and jack pine (Pinus banksiana)
forest sitesin the vicinity of the BOREAS NSA, which islocated near Thompson, Manitoba. The North
American Datum of 1983 (NADB83) latitude and longitude coordinates of Thompson, Manitoba are 55° 91'
N, 98° 42' W. Four black spruce sites, three burned and one control, were selected about 100 km northeast
of Thompson, Manitoba. The sites were located at 56° 09' N, 96° 44' W; 56° 08' N, 96° 42' W. All four
black spruce sites, which were located within 5 km of each other, were exposed to very similar climatic
conditions. The jack pine burn site was located in alarge burn site (115,643 ha; summer 1989) on Hwy
391 near Leaf Rapids, Manitoba, 140 km west-northwest of Thompson, Manitoba. A jack pine stand
located 133 km west-northwest of Thompson, unburned for at least 80 years, served as the control for the
jack pine burn site. At each site, the environmental chambers were used to measure fluxes within an area
that was approximately 10,000 m2.
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7.1.2 Spatial Coverage Map
A map showing site locations is included.

7.1.3 Spatial Resolution
The environmental chambers used to measure soil fluxes of CO,, CO, and CH4 covered an area about

0.036 m2. Flux measurements for CO,, CO, and CH4 were at six locations within the site.

7.1.4 Projection
Not applicable.

7.1.5 Grid Description
Not applicable.

7.2 Temporal Characteristics

7.2.1 Temporal Coverage

The environmental chambers were used to measure soil surface fluxes between June and September
1994. Data were obtained during Intensive Field Campaign (IFC)-1, IFC-2, August 1994, and the first
week of IFC-3.

7.2.2 Temporal Coverage Map
See section 6.2 Field Notes.

7.2.3 Temporal Resolution
Individual flux measurements generally were made over a period of 20 to 30 minutes. Flux experiments
were routinely conducted between the hours of 1000 and 1600. local time with selected diurnal studies
during August 1994 conducted throughout the day and night.
The flux and ancillary data at a given black spruce site were obtained with a sampling frequency of 2-3
days during the periods noted in Section 7.2.1. Data at the jack pine sites were obtained on aweekly basis.

7.3 Data Characteristics

7.3.1 Parameter/Variable
The parameters contained in the data files on the CD-ROM are:

SI TE_NAVE
SUB_SI TE

DATE_OBS

TI ME_OBS

STATI ON_I D

o2_FLUX

CH4_FLUX

CO_FLUX

Al R_TEMP

SO L_TEMP_1CM

SO L_TEMP_10CM
CALC_DOWN_SHORTWAVE_RAD
REVI S| ON_DATE
CRTFCN_CODE
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7.3.2 Variable Description/Definition
The descriptions of the parameters contained in the data files on the CD-ROM are:

Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS
TI ME_OBS

STATI ON_I D

C2_FLUX

CH4_FLUX

CO_FLUX

Al R_TEMP

SO L_TEMP_1CM

SO L_TEMP_10CM
CALC_DOWN_SHORTWAVE_RAD

REVI SI ON_DATE

CRTFCN_CODE

7.3.3 Unit of Measurement

Descri ption

The identifier assigned to the site by BOREAS
Informati on System (BORIS) staff, in the format
SSS- TTT- CCCCC, where SSS identifies the portion
of the study area: NSA, SSA, REG or TRN, TTT
identifies the cover type for the site (999 if
unknown); and CCCCC is the identifier for the
site (exactly what it neans will vary with site
type).

The identifier assigned to the subsite by BORI S,

in the format GGEGG 11111, where GEEGEG is the
group associated with the sub-site instrunment
(e.g., HYDO6 or STAFF), and IlIIl is the

identifier for the subsite (often this will refer
to an instrument).

The date on which the data were coll ected.

The Greenwi ch Mean Tinme (GMIN when the data were
col |l ect ed.

The station identifier fromwhich the nmeasurenent
cane.

Car bon di oxi de fl ux.

Met hane fl ux.

Car bon nonoxi de fl ux.

The nmeasured air tenperature.

Soil tenperature at 1 cm depth.

Soil tenperature at 10 cm depth.

Cal cul ated total irradi ance enconpassi ng

wavel engt hs from 200- 4200 nanoneters.

The nost recent date that the information in the
referenced data base table record was revised.
The BOREAS certification | evel of the data.
Exanpl es are Checked by PI (CPl), Certified

by Goup (C&R), Prelimnary (PRE), and CPI

but questionable (CPI-??7).

The measurement units for the parameters contained in the data files on the CD-ROM are:

Col utm Nane
S| TE_NAVE
SUB SI TE
DATE_OBS
TI VE_OBS
STATION I D
C2_FLUX
CH4_FLUX
CO FLUX
Al R TEWP
SO L_TEMP_1CM

[ none]

[ mi cronol es] [ neter-2] [ second- 1]
[ mi cronol es] [ neter-2] [ second- 1]
[ mi cronol es] [ neter-2] [ second- 1]
[ degrees Cel si us]

[ degrees Cel si us]
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SO L_TEMP_10CM
CALC_DOWN_SHORTWAVE_RAD
REVI S| ON_DATE
CRTFCN_CODE

7.3.4 Data Source

[ degrees Cel si us]
[Watts] [ met er - 2]
[ DD- MON- YY]

[ none]

The sources of the parameter values contained in the data files on the CD-ROM are:

SI TE_NAVE
SUB_SI TE
DATE_OBS

TI ME_OBS

STATI ON_I D
C2_FLUX
CH4_FLUX
CO_FLUX

Al R_TEMP

SO L_TEMP_1CM
SO L_TEMP_10CM
CALC_DOWN_SHORTWAVE_RAD
REVI S| ON_DATE
CRTFCN_CODE

7.3.5 Data Range

Dat a Source

Assi gned by BORI'S
Assi gned by BORI'S

I nvesti gat or

I nvesti gat or

I nvesti gat or

RGA- 3 Chr onat ogr aph
RGA- 3 Chr onat ogr aph
RGA- 3 Chr onat ogr aph
Ther monet er

Tenper ature probe
Tenper ature probe

| L-1700 Radi oneter
Assi gned by BORI' S
Assi gned by BORI' S

The following table gives information about the parameter values found in the data files on the

CD-ROM.

M ni mum Maxi mum Mssng Unrel Below Data

Dat a Dat a Dat a Dat a Det ect Not
Col utm Nare Val ue Val ue Val ue Value Limt Clctd
SI TE_NAME NSA- 9BS- TO5GR  NSA- 9JP-T5391 None None None None
SUB_SI TE TGB05- F87CR TGB05- FXCIP None None None None
DATE_OBS 08- VAR- 94 17- OCT- 96 None None None None
TI ME_OBS 0 2300 None None None None
STATION I D 1 6 None None None None
CO2_FLUX 0. 0281 4. 47 - 999 - 888 None Bl ank
CHA_FLUX -11. 5625 0. 00083 - 999 - 888 None Bl ank
CO FLUX -0. 0262 0. 057 None - 888 None Bl ank
Al R_TEMP -0.6 91 - 999 None None Bl ank
SO L_TEWMP_1CM -0.2 58.2 - 999 None None Bl ank
SO L_TEWP_10CM -0.3 20 - 999 None None Bl ank
CALC_DOWN_SHORTWAVE_RAD 21 967 - 999 None None
REVI SI ON_DATE 26- SEP- 97 26- SEP- 97 None None None None
CRTFCN_CODE CPI CPI None None None None

M ni rum Data Val ue --
Maxi mum Data Val ue --
M ssng Data Value --
i ndi cate
par anet er

Unrel Data Val ue - -

The val ue that

The m ni mum val ue found in the col um.
The maxi mrum val ue found in the col um.
The val ue that

i ndi cates mssing data. This is used to
that an attenpt was nmade to determ ne the

val ue, but the attenpt was unsuccessful
i ndi cates unreliable data. This is used

to indicate that an attenpt was nade to determ ne the
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paraneter val ue, but the anal ysis personnel deened the
val ue to be unreliable.

Bel ow Detect Limt -- The value, that indicates paraneter val ues bel ow t he
instruments detection lints. This is used to
i ndicate that an attenpt was nmade to deternine the
paraneter val ue, but the anal ysis personnel deterni ned
that the paraneter val ue was bel ow t he detection
limt of the instrunentation.

Data Not Clctd -- This value indicates that no attenpt was nmade to
determ ne the parameter value. This usually
i ndi cates that BORI S staff conbined several simlar but
not identical data sets into the sane data base table
but this particular science teamdid not
neasure that paraneter.

Blank -- Indicates that blank spaces are used to denote that type of val ue.
NA -- Indicates that the value is not applicable to the respective col um.
None -- Indicates that no values of that sort were found in the col um.

7.4 Sample Data Record
The following are wrapped versions of data records from a sample datafile on the CD-ROM.

SI TE_NAVE, SUB_SI TE, DATE_OBS, TI ME_OBS, STATI ON_| D, CO2_FLUX, CH4_FLUX, CO_FLUX, Al R_TEMP,
SO L_TEMP_1CM SO L_TEMP_10CM DOWN_SHORTWAVE_RAD, REVI S| ON_DATE, CRTFCN_CODE

' NSA- 9JP- T5391' , ' TGBO5- F89JP' , 08- MAR- 94, 1615, ' 5', . 994, -. 0013773, , 19. 7, , 15. 0, ,

26- SEP-97, ' CPI''

' NSA- 9JP- T5391' , ' TGBO5- F89JP' , 08- MAR- 94, 1615, ' 6', . 745, -. 0013889, , 19. 7, , 15. 0, ,

26- SEP-97, ' CPI''

8. Data Organization

8.1 Data Granularity
The smallest unit of data tracked by BORIS was the flux measurement from a given site on agiven day.

8.2 Data Format(s)

The Compact Disk-Read-Only Memory (CD-ROM) files contain American Standard Code for
Information Interchange (ASCII) numerical and character fields of varying length separated by commeas.
The character fields are enclosed with single apostrophe marks. There are no spaces between the fields.

Each data file on the CD-ROM has four header lines of Hyper-Text Markup Language (HTML) code at
the top. When viewed with a Web browser, this code displays header information (data set title, location,
date, acknowledgments, etc.) and a series of HTML linksto associated data files and related data sets. Line
5 of each datafileisalist of the column names, and line 6 and following lines contain the actual data.

9. Data Manipulations
9.1 Formulae

9.1.1 Derivation Techniques and Algorithms
None.
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9.2 Data Processing Sequence

9.2.1 Processing Steps

Gas samples were collected from the environmental chambers at the field sites, transferred to the
laboratory, and analyzed by gas chromatography. The fluxes were then calculated from measured
concentrations of the gases vs. time.

9.2.2 Processing Changes
None given.

9.3 Calculations

9.3.1 Special Corrections/Adjustments

For each chamber experiment, the concentration of CO within the chamber was plotted as a function of
time after sealing the chamber top over the base. These plots showed three different patterns: (1) linear
changes with time, (2) first-order decay with time, and (3) initial linear increase followed by a diminished
rate of increase, often yielding a steady state. Concentration vs. time plots wereinitially plotted to determine
the curve shape, and the data analysis was determined based on curve shape. Data were analyzed by
performing linear regression (slope = CO exchange rate), by performing log-linear regression (slope =
first-order rate constant), or by determining the initial slope.

9.3.2 Calculated Variables

Fluxes of CO, and CH4 were calculated by linear regression of the measured concentrations of samples
(typicaly five) collected during each chamber deployment. CO fluxes were cal culated as described in
Section 9.3.1.

9.4 Graphs and Plots
Data were plotted using L otus Freelance, Lotus 123, and Quattro Pro.

10. Errors

10.1 Sour ces of Error

A few flux measurements were rejected because of various problems such as loss of one or more time
points, contaminated or leaky syringes, GC problems, or disturbance of the site during sampling. These
problems usually became apparent when either: (1) theinitial concentration was not close to the ambient
concentration, or (2) the correlation coefficient of the linear regression was not significant at the 90%
confidenceleve (r2 =0.810 for n=4; r2 = 0.648 for n =5).

10.2 Quality Assessment

Based on the actua performance of the flux measurement system during this study, the minimum
detectable flux of CH,4 is estimated to be about 0.3 mg CH4-C/m2/d, and the minimum detectable flux of
CO, to be 0.1 g CO,-C/m2/d.

10.2.1 Data Validation by Sour ce
~ Cdlibrations and instrumentation ranges were checked, and data were checked for values that were not
in expected ranges.

10.2.2 Confidence L evel/Accuracy Judgment

For al of the CO, and CH,4 data analyzed with regressions, data sets were rgjected if the correlation
coefficient of the linear regression was not significant at the 90% confidence level (r2 = 0.810 for n=4; r2
=0.648 for n = 5). For CO measurements that exhibited decreasing CO concentrations vs. time, the data
setswere rejected if the correlation coefficient of the linear regression of log concentration vs. time was not
significant at the 90% confidence level.
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10.2.3 Measurement Error for Parameters
Typicaly, replicate measurements of the same gas sample are within 10% RSD for CO,, CHy, and CO.

10.2.4 Additional Quality Assessments

Multiple comparison procedures were performed with the software package SigmaStat (Jandel
Scientific, San Rafael, CA) to test for statistically significant differences in gas fluxes and volumetric water
content among sets of samples grouped by site or by date within a given site. Each data group was tested
for normality (Kolmogorov-Smirnov test) and equal variance (Levene median test) with the SigmaStat
package. For comparisons of data groups with normal distributions and equal variances, a One Way
Anaysisof Variance (ANOVA) was performed to test for differencesin mean values of the different
groups. If significant differencesin the means were found, then a Student-Newman-Keuls (SNK) All
Pairwise Multiple Comparisons Procedure was performed to identify specific differences between groups.
For comparisons of data groups in which normality and/or equal variance conditions were not met, a
Kruskal-Wallis ANOVA on ranks was performed. If the differences in the median values among these
groups were found to be significant, then specific differences between groups were tested for by the
Dunnas Method of All Pairwise Multiple Comparisons. Mean ranks were calculated from the results of the
ranking procedures associated with the nonparametric tests and are presented to indicate trends in the
various parameters. Probability and significance levels were set to 0.05 in the SigmaStat package unless
otherwise specified. Simple and multiple linear regression procedures were also performed with the
SigmaStat package. Zar [1984] and Glanz and Slinker [1990] give details of the statistical tests performed.

10.2.5 Data Verification by Data Center
Data were examined for general consistency and clarity.

11. Notes

11.1 Limitations of the Data

There are no known limitations. However, the user should be aware that there are few other data sets
available on soil trace gas fluxesin sites that have been recently burned. Therefore, thereis no way at this
point to judge the representativeness of this data set.

11.2 Known Problems with the Data
None.

11.3 Usage Guidance
None given.

11.4 Other Relevant Infor mation

The procedures and data obtained in this study are monitored by several mechanisms:

»  Forma methods of comparisons. Several comparisons have been made under field and |aboratory
conditions that have substantiated that the instruments used in this study provide reliable
measurements of trace gases.

* Informa comparisons among investigators. Comparisons of the data obtained in this study at
unburned control sites with flux data obtained using environmental chambers or towers at other
BOREAS NSA sitesindicate that these fluxes are in the same range as those observed elsewherein
this region. This favorable comparison suggests that these results are representative of this region.

* Review in the scientific literature. These and other BOREAS results were published in a Specia
Issue of the Journal of Geophysical Research so that they will be available to the international
scientific community. In these publications, the methods were justified to peer referees. These
justifications are based on other published methods and tests, which are described in previous

papers.
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12. Application of the Data Set

These data along with other trace gas measurements from chambers, towers, and aircraft can be used to
characterize and model the fluxes of trace gases from the various boreal forest ecosystems.

13. Future Modifications and Plans

None.

14. Software

14.1 Software Description
These results are being used to improve the CENTURY soils model so that it can be used to evaluate
carbon storage and trace gas fluxesin boreal forest soils.

14.2 Softwar e Access

The SigmaStat, Lotus, and other commercia software packages are available from their specific
commercia developers.

The CENTURY software will be available from Dr. Dennis Ojimaand Dr. William Parton, NREL,
Colorado State University, Ft. Callins, CO. The data aso likely will be used to improve and test other
models that simulate the biosphere-atmosphere exchange of trace gases.

15. Data Access

The CO,, CHy, and CO chamber flux data over the NSA are available from the Earth Observing System
Data and Information System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active
Archive Center (DAAC).

15.1 Contact Information
For BOREAS data and documentation please contact:

ORNL DAAC User Services

Oak Ridge Nationa Laboratory

P.O. Box 2008 M S-6407

Oak Ridge, TN 37831-6407

Phone: (423) 241-3952

Fax: (423) 574-4665

E-mail: ornldaac@ornl.gov or ornl @eos.nasa.gov

15.2 Data Center Identification

Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory
(ORNL) Distributed Active Archive Center (DAAC) for Biogeochemica Dynamics
http://www-eosdis.ornl.gov/.

15.3 Procedures for Obtaining Data

Users may obtain data directly through the ORNL DAAC online search and order system
[ http://www-eosdis.ornl.gov/] and the anonymous FTP site [ftp://www-eosdis.ornl.gov/data/] or by
contacting User Services by electronic mail, telephone, fax, |etter, or personal visit using the contact
information in Section 15.1.
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15.4 Data Center Status/Plans

The ORNL DAAC isthe primary source for BOREAS field measurement, image, GIS, and hardcopy
data products. The BOREAS CD-ROM and data referenced or listed in inventories on the CD-ROM are
available from the ORNL DAAC.

16. Output Products and Availability

16.1 Tape Products
None.

16.2 Film Products
None.

16.3 Other Products
These data are available on the BOREAS CD-ROM series.
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17.3 Archive/DBM S Usage Documentation

None.
18. Glossary of Terms
None given.
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BORIS - BOREAS Information System
CD-ROM - Conpact D sk-Read-Only Menory
CaR - Certified by Group
CPI - Checked by PI
CPI -??? - CPl but questionable
DAAC - Distributed Active Archive Center
ECS - Earth Qbserving System
ECSDIS - ECS Data and Information System
EPA - Environnental Protection Agency
FI D - Flame | oni zation Detector
cC - Gas Chromat ograph
GvIr - Greenwi ch Mean Tine
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